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ABSTRACT 


Propagation  measurements  are  reported  for  frequencies  of  69.5  and  ?0.l  kllo- 
megaeyoieti  par  second  over  3«5~  and  paths  is  the  vicinity  of  Aunt in,  Texas. 
These  menavreaents  indicate  that  the  csygen  absorption  is  somewhat  lass  than  that 
predicted  by  Van  VleoJe  [ll  wfeareae  the  water  Taper  absorption  is  several  times 
that  prodiotsd. 

The  magnetron  transmitter!  the  oryst&l  video  receiver,  and  the  associated 
squipssni  used  for  the  tests  are  desari  bed  is  the  report. 


I.  INTRODUCTION 


The  measurement 3 described  is  this  report  using  a wavelength  of  4.3  milli- 
meters are  an  extension  of  previous  measurements  mads  at  3.6  millimeters  (2,  3 J» 
The  equipment  fur  the  longs*  wavei-usth  h£«  been  so  aesigasd  that  it  was  readily 
adaptable  to  the  4.3-sd.l Unset er  tests  as  Cl  e 

A frequency  of  (*}»*  kilomegaevelas  por  second  was  used  ©»  paths  3*5  8114  7*0 
ssils^  long  and  a frequency  of  7Q=-  kiloBegacyeles  per  second  was  used  on  the  7=0= 
mile  path.  Data  was  taken,  using  the  &9»5  hmo/s  signal  for  five  mlnuts  intervals 
of  time  on  ten  days  over  the  3«5"Oile  path  and  on  six  days  o?®r  tuv  7-sil®  path. 
Similsz5  samples  of  data  were  taken  on  «&«/*  o-  ten  days  over  the  7-iVMle 
path. 


Humidity  measurements  raada  at  both  ends  of  the  path  were  found  to  agree  satis- 
factorily with  data  obtained  f res  the  Weather  Bureau.  By  plotting  the  lose  relative 
to  the  free  space  signal  level  as  a function  of  the  water  vapor  content  of  the 
atmosphere  it  was  possible  to  estimate  the  loss  due  to  water  vapor  and  that  due 
to  oxygen. 

The  average  wet  and  dry  bulb  temperature  measurements  made  at  tittle 
mitt  tag  and  receiving  sites  differed  by  lass  than  one  degree  Fahrenheit  from  the 
date  obtained  from  the  weather  Bureau . 


Refrsotttmetsr  measurement g sere  made  on  a number  of  days  and  the  spectral 
distribution  of  the  refractive-index  fluctuations  is  compared  to  the  spectrum  of 
the  millimeter  fluctuations. 
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Hi©  receiver  used  to  detect  the  4,p-taiilim3ter  signals  was  of  tbs  crystal 
vide©  type  and  is  shown  in  Figure  1. 

Through  tha  courtesy  of  Bell  Telephone  I*abcratori*a , one  ©f  their  5<-4“mX^X^'* 
soter  ££psrla*ntel  erystale  was  made  available  for  use  in  this  receiver,  wig 
crystal  was  of  the  cartridge  type  and  was  counted  in  a brass  block  is  such  a manner 
as  to  allow  waveguide  to  be  bald  in  alignment-  with  the  windows  of  the  crystal 
cartridge.  One  of  the  sections  of  waveguide  was  slotted  in  tbs  plane  of  the  electric 
Xeld  and  a piece  of  G.GGo  inch  thick  phosphor-bronze  was  passed  through  tbs  slot 
©ad  i:s©d  to  an  adjustable  shorting  stub. 

An  2H  tuner  eonstiucten  of  BG-yS/u  silver  waveguide  with  shorting  stubs  o? 
0.006  inch  phosphor-bronze  j>«ased  through  slots  in  the  X and  H annee  was  placed 
between  the  crystal  holder  and  the  calibrated  attenuator. 

The  antennas  used  wo .3  sectional  cylindrical  horns  that  had  bean  designed  to 

. , _ _ j.  .nr  

nww*  wTwni,  airaSm  ..  .".Si  C,?  23,iil25T ?r?  * 


The  video  amplifier  had  a bandwidth  of  15  sngacycles  sad  a minimum  detectable 
signal  level  of  approximately  43  abm  when  used  with  an  average  video  crystal , de- 
tecting a G,c§  mi orcseoond  pulse  at  $.3  kno/s.  The  video  amplifier  was  divided 
into  two  parts.  The  pre-amplifier  was  mounted  cn  the  base  holding  the  hrystsl  d.v 
t«cioT|  the  in  tunoff  the  nalibrst  si  attenuator,  and  the  antenna*  The  main  body 
of  the  amplifier,  the  integrator,  the  metsrisg  circuits,  and  the  power  supply  were 
mounted  an  a chassis  behind  a relay  rack  panel,  A 20  foot  length  of  cable  was  used 
to  couple  the  pre-amplifier  to  the  main  amplifier,  A to!  r'.sge  derived  fro*  the 
integrator  was  supplied  back  as  a bias  to  the  stages  of  t-ha  mala  amplifier  to  pro- 
duce a 20-db-renge  recording  scale. 


HI.  AwTflSWAS 


Th*  antennas  used  cm  the  3 oj-aile  oath  consisted  of  four  sections  of  the  conical 
horn  wfcich  gave  optimum  dimensions  at  8,0  ns  end  had  es.  antenna  gain  of  34 
antennas  used  on  th®  ?«mils  path  consisted  of  sight  sections  of  the  conical  horn  with 
a hyperbolic  lens  of  plexiglass  at  the  mouth  to  modify  the  posse  front  to  the  extent 
that  as.  effective  capture  area  of  near  one  was  re&llz-«4.  These  antennas  had  a gain 
of  43,8  db.  The  antennas  used  for  calibrating  the  attenuator  were  single  sections 
of  the  cylindrical  horn  so  that  all  spsoings  between  ths  transmitter  and  receiver 
the  phase  front  aa  essentially  plane  across  the  mouth  of  the  antennas. 


XT.  GAXIEKA^  AnWJATOa 


The  calibrated  attenuator  was  or  the  guillotine  ty pa  with  a dial  g=gs  H^sd 
to  indicate  the  depth  of  penetration  of  the  resistance  osieriai.  The  “ring  parts 
and  the  blocks  used  to  assemble  the  moving  parts  and  the  silver  waveguide  were 


VIEW  OF  CRYSTAL  VIDEO  RECEIVER 
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ssda  of  stainless  steel.  Hie  glass  upon  which  ai«hre®f  was  evaporated  was  a 0.005 
inch  thick  microscope  slide  cover.  The  glass  was  cut  o**  es  arc  whose  cord  was  1,5 
inches  with  a tantalum-carbide  tipped  scribe,,  Tha  nichrois#  v*e*  sv»*n«r* stai  or=  the 
glass  from  a tantalum  host  at  a uhuiabsr  px’vset£.*~v  O?  5 z 10*5  millimeters  of  mercury 
after  the  glass  had  beau  prahaataS  to  a temperature  of  200°  G«  'The  4-GO  Ohs  per 
square  ni chrome  film  was  given  a protective  coating  af  aitignseiuffi  fluoride.  "She 
glass  with  its  coating  of  resistance  material  was  cemented  in  a slot  in  the  guil- 
lotine With  v*  aL'vuitSijr  CGS*Snt« 

The  attenuator  was  calibrated  by  varying  the  spacing  between  the  transmitter 
and  tbs  receiver  ever  such  distances  as  t©  give  known  increments  of  attenuation 
based  on  the  inverse  square  lew  variation  of  power  level.  This  procedure  was  re- 
peated a number  of  times  over  two  different  paths  and  a smooth  curve  was  drawn 
through  the  average  of  the  pc-ln  VD  t-  UU  5 obtained.  The  maximum  dsvlatxun  or  fue 
points  from  the  average  was  approximately  0.5  db. 


V.  TRANSMITTER 


Ihe  signal  sources  were  experimental  magnetrons  of  tks  Columbia  University 
design  operating  at  frequencies  of  69,4.5  ktte/a  and  /0»i0  kmc/a. 

The  antennas  used  on  the  transmitter  ware  identical  with  those  used  at  the 
receiver  with  the  34  db  antenna  on  the  3«5 -®A1®  path  and  the  40,8  db  antenna  on 
the  7-1511®  path.  A view  or  the  transmitter  bb  used  on  the  3»5-“il=  path  is  shown 
in  Figure  2 and  a view  of  the  transmitter  as  used  on  the  7-mlle  path  is  shown  in 
Figure  3«  A crystal  detector  was  used  to  monitor  the  relative  peak  po war  level 
and  the  puls  a length.  ?sr*”  output  ehara-steri  sties  relative  to  the  wvargga  magne- 
tron current  and  filament  voltage  were  determined  by  measurements  made  over  a 1000 
foot  path  over  a period  of  two  weeks. 


Ft.  MSASDHINa  H10CEDUR3 
(a)  10C0  footpath 

Measurements  we —a  made  over  a base  path  whose  length  was  1000  feet  with 
the  transmitter  and  receiver  assembled  as  they  were  used  cn  the  3*-'"“^-*  and  7-mlle 
paths.  Measurements  were  mads  at  random  tiass  during  a two  week  period.  The  re- 
sults indicated  the  signal  strength  could  be  measured  with  an  accuracy  ofi  0.2  db. 
Ihe  base  path  also  provided  a signal  level  relative  to  which  the  signal  levels 
over  the  ana  f—wils  path  jasssursl , 

{ b)  3,5-olle  and  7-nsLIe  Paths 

IS?,  receiver  was  looated  on  tha  25th  floor  of  the  University  tower  for 
both  the  3.5-mie  path  and  the  7-mil6  path,,  This  location  was  about  250  feet  above 
ground  level  and  at  an  elevation  of  about  83O  feet.  Tor  the  3»5»mil«  path,  the 
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tT'cnsclttar  ms  located  at  tbs  antenna  alt#  cf  KIBO-TV  on  Mount  Larson  at  as  eleva- 
tion of  $10  fast,  Th#  ground  level  dropped  off  from  the  University  tower,  rising 
abruptly  at  Mount  Larson,  A view  of  this  path  a®  seen  from  the  University  i osar 
is  shown  in  Figure#  4, 

For  tbo  7“®41*  path,  the  profile  elevation  increased  fairly  uniformly 
fresa  th®  bass  of  tha  tcerer  to  a raiu*  of  8l0  feet  at  the  Baleonss  Research  Center. 
The  tiaaiuitlttar  me  located,  about  10  feet  above  ground  for  the  measurements*  The 
7-nd.le  path  ae  seen  from  the  University  tnwer  4 * shown  in  Figure  3,  Th=  path  is 
tbs  same  as  shown  la  Figure  3 of  report  Ko.  69  (2  j* 

Telescopic  gun  nights  w&rs  attashed  to  the  antennas  and  were  used  for 
pointing  the  antenna  each  time  measurements  wra  made.  After  alignment,  the  4,3“ 
mHiiastsr  signal  was  recorded  for  a period  of  three  to  fire  minutes  cn  an  Ester-line- 
Angus  recorder. 

Sling  psyehremeter  readings  at  the  transmitter  site  and  at  the  rocsiT sr 
sits  were  taken  each  time  signal  strength  data  wore  recorded.  These  readings  were 
found  to  agree  wary  closely  with  date  obtained  from  the  Weather  Bureau.  The  dir- 
?eres*«  An  the  water  content  of  the  atmosphere  no  determined  frtsn  the  paychreasstar 
measurements  at  the  two  end 5 of  the  path  did  not  exceed  0,5  gram  per  cunt®  merer. 
The  average  of  the  Talus®  measured  at  the  ends  of  the  path  was  assumed  to  be  the 
average  over  the  path. 

Recordings  were  made  on  a number  of  the  measurement  days  of  the  refrac- 
tive-index fluctuations  as  given  by  a Crain  refract omater  [4},  Simultaneous  re- 
cordings of  temperature  fluctuations  were  also  taken  using  a calibrated  tfeennistcra 


FIT-  DATA 


Tii*  signal  strength  and.  water  vapor  data  arm  given  in  Table  I*  The  loss  was 
measured  relative  to  that  at  1000  feet  end  the  inverse  square  loss  was  removed  to 
make  the  measurements  relative  to  DyaCC  TSieZSc  For  both  paths,  the  signal 
to  noise  ratio  was  appresisstcly  10  db,  The  relative  msasur <aasnta  were  made  with 
a*  accuracy  of  ± 0,5  db. 


im.  SEPARATION  OF  WATER  VAPOR  JKD  0 SSC-H?  LOSS 


Tho  loss  in  excess  of  the  fxvs  space  loss  was  reduced  to  a per  mile  basis  and 
is  also  shown  in  Table  I#  This  data  ?sas  plotted  jss  a function  of  the  water  v-por 
content  of  the  atmosphere  and  is  shown  in  Figure  t>, 

Thu  line  drawn  on  the  figure  is  a least  square  line  using  all  of  the  data  on 
an  equal  basis*  The  root  ass m square  of  the  signal  deviation  from  this  lln-s  is 
O.OA  db.  From  the  y intercept,  the  oxygen  absorption  loss  is  indicated  to  be  0,3 
Sb  pi*'  sils  end  from  the  slope  of  the  line,  the  e=t®r  vapor  absorption  is  indicated 
to  be  0*04  db  per  mile  per  gram  of  wet-?  vapor  per  cubic  mates'.  The  deviation  or 
the  points  from  this  line  ars  also  isdiostes  An  Taiu#  I. 
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Because  of  the  United  distribution  of  the  points  end  beeause  of  the  Halted 
accuracy  s?  the  nseeanranients.  asparats  analyst  * of  the  data  oa  the  two  frequencies 
did  not  seen  desirable,  A e grape  risen  of  ths  lose  obtained  from  Figure  G with 
thoes  predicted  by  Ten  Vlesfc  lW  is  as  follows? 


Osygan  lose  in  db/mile 
^ftter  vapor  less_in 
d b/asi  le/gram/n? 


insured 
0.80  X 0.2 

o*c4  * 0,01 


Predicted 
Theoretical  Loss 
G9»A5  Bno/s  70.10  Ktoe/s 


1.09  0*S5 

0.012  0.012 


If  a single  line  breadth  constant  of  0.2&  is  used  in  the  formula  given  In 
reference  [l}»  the  calculated  water  vapor  absorption  woMd  agree  with  the  measured 
value  of  O.04  db  per  mile  par  gram  of  water  vapor  per  cubic  mater. 


From  ail  of  the  8.  b^millimeter  data  previously  reported,  a median  loss  *f 
Qt017  p«3?  iiiiis  per  gras  of  water  ~~pc-T  par  cubic  meter  wee  farad,  The  line 

breadth  constant  of  0*2&  is  also  obtained  from  these  data. 


I£.  RADIO  AKD  REFRACTIVE  INI) EC  FL0CT0ATICK3 


His  range  of  signal  fluctuations  for  each  sample  of  date  is  shorn:  in  Table  I. 
The  minimum,  median*  and  maximum  fluctuation  range  f or  the  two  dl«t«»cies  using  the 
4.3-ffiHlin*t®r  wavelength  were  as  follows: 


Path  Length  is  ailss 

3.3 

7.0 

Ifflnimuir.  Fluctuation  Bangs  in  «b 

A *2 

~~'r*r 

1.0 

Maximum  Fluctuation  Range  in  db 

1*4 

2.2 

Median  Fluctuation  Range  in  db 

0 e 

s fl 

A recording  microwave  refractometer  was  eat  up  on  top  of  the  transmitting  truck 
and  index- of-refraot ion  data  were  teken  simultaneously  with  the  radio  data  on  a 
number  of  days.  Temperature  fluctuations  were  also  measured  at  the  sampling  cavity 
of  the  refraetiiuSter. 


For  the  days  on  which  these  simultaneous  data  were  taken,  the  recordings  of 
radio  signal  strength,  refractive  index  and  temperature  were  analyzed  in  the  fol- 
lowing rnsnaart 


1.  The  statistical  distribution  of  the  data  sss  plotted  on  Gaussian 
paper  and  a straight  line  was  drawn  through  me  points* 


2.  Hum  *3£S  valuss  ofjthe  fluctuations  ware  obtained  as  ©na-balf  of  the 
difference  between  the  1h%  auS  84^  points  on  these  graphs* 

3»  Autocorrelation  functions  were  plotted  using  the  correlation  cjsapiter 
developed  by  F.  2,  Brooke  [5  },  Fran  thsss,  the  spectral  distribution  of  the  fluotua- 
tios©  wore  obtained,  ©as  set  of  these  spectra  is  shewn  in  Figure  J,  There  was 


TRIBUTION  OF  RADIO  SIGNAL  STRENGTH,  REFRACTIVE  INDEX,  AND  TEMPERATURE 


remarkable  agreement  between  the  shape  of  the  speeural  densities  for  temperature, 
Judex  and  radio  fluctuations  in  acoa  case. 

It  should  be  noted  that  the  length  of  sample  was  too  short  to  determine t with 
any  degree  of  accuracy,  the  magaituds  of  the  very  lew  frequency  contributions,  The 
y intercept  point  represents  the  energy  in  a amen  interval  to  the  right  of  the  y axis 
and  is  aoueahat  arbitrary  in  that  iho  wverage  value  of  the  autceor:*elstioa  function 
was  made  zero.  This  difficulty  does  not  affect  the  accuracy  of  the  RMS  measurement. 

The  magnitudes  of  the  B&5  values  of  the  fluctuations  for  data  takes  on  the 
7-milo  path  were  as  fellows: 


mi  Radio 

PM3  Index 

MS  Temperaturs 

D'dt  0 

Signal  Fluctuations 

Fluctuations 

Fluctuations 

ir.  db 

is  V uni  us 

in  °C 

3 Justs  3354 

0.22 

o.n 

j %- 

Try 

Vjj 

V «UU 

>1  a fl 

V,  JUC. 

10  Tun®  19Sd. 

0.1B 

0.30 

0*21 

U June  1954 

0.29 

* .O 

x.au 

0.11 

14  June  1954 

Osip- 

,,65 

0.1? 

lb  June  1954 

0*2? 

G.R9 

u»c-) 

id  June  19*4- 

0,34 

0.33 

0,25 

24  Juns  1954 

O.36 

iOJ 

O.l/I 

• »--y 

Ifom  thess  data  there  appear  to  be  a definite  cor- relation  between  the  magni- 
tude of  the  radio  fluctuations  and  the  magnitude  of  the  index  fluctuations.  In 
Figure  8,  the  MS  values  of  the  signal  fluctuations  are  plotted  as  a function  of  BUS 
w/iuos  of  IMax-of-refractlon  fluctuations.  The  line  shewn  is  » least  mean  scuare 
draws  through  the  origin  omilttirg  the  three  points  with  ths  largest  index  fluctua- 
tions. 


These  three  points  do  sot  fit  the  trend  cf  ths  other  points.  In  each  of  these 

three  oases,  however,  there  was  a slow  drift  of  the  index  on  which  the  rapid  fluctua- 
tions were  superimposed.  This  slow  drift  was  the  predominant  factor  in  ths  SSS  of 
the  index  fluctuation  and  had  no  counterpart  in  the  radio  signal  fluctuations. 
It  in  therefore  felt  that  ths  slow  charge  in  index  ©f  refraction  had  little  effect 
cs  ths  radio  fluctuations,  but  that  the  rapid  Index  changes  were  very  closely  re- 

lft+ad  to  th0  flvifttiigy] rwifl  - 

Another  type  of  signal  strength  fluctuation  was  noted  over  the  1000  foot 
calibration  path  when  antennas  with  beam  widths  of  tho  order  of  10  degrees  wars 
used.  This  signal  strength  fluctuation  of  2 db  was  associated  with  the  wind 
blowing  the  l3  inch  high  gras*  os  the  path  and  was  of  a much  higher  frequency  than 
that  observed  over  the  longer  paths.  The  signal  strength  fluctuations  over  toe 
1000  foot  path  were  reduced  to  0.3  db  with  the  grass  uncut  by  using  the  1.7  degree 

wT/«S£m0  upvu  &Oa  iuoaoux eiuvEt 8 wVyi:  tuo  pavy  a a AuuvuaviOuo  wSxS  acuuvvu 

to  0-3  db  with  the  10°  antenna  by  cutting  the  grass. 


r»ij  u 


A.  QUhS’AHfB^n  si-in  BaD'uniXidSTXR  DAiTA 


Data  ass-*  taken  in  March  wad  Asril  1555  orw  the  data*  tso  paths  at  e.  frequency 
of  35  tae/s,  At  this  frequency,  the  abaorptiac  loss  was  sash  less  than  for  the  4*3 
msasursssats.  Ihe  cadias  fluctuation  range  ^aas,  however,  apprcximatoly 
the  same  for  the  8»fc  millliast er  than  for  the  4,3  itiiiimetsrs. 


A tabular  oonpsrison  of  these  data 
Path  Length  in  miles 

art  as 

3*5 

follows: 

^ S 

2*5 

0 a 
f ow 

7.9 

W«v«i  Length  Is  siiiiasstsro 

» *p 

«r 

H..{) 

4.3 

O.b 

EUmber  of  saspl^ 

i 

1 A 

19 

Median  Signal  Xawel  in  db 
balsa  free  space 

4*5 

0,8 

%7 

1.7 

SfcuSiftr.  fluctuation  range 

0,5 

0,8 

1,5 

1,0 

ZZ.  StMMm 


Propagation  measurements  made  at  frequencies  of  05,45  ?0,10  Kiioawgaoycxas 
par  bwooqm  indicated  that  the  abaornti.cn  loss  was  approximately  that  predicted  by 
theory*  It  *?as  indicated*  howover,  that  ta*  ^==ur«e  absorption  du®  to  oxygen 
was  uoujovfoat  lass  than  the  thsoraeieel  and  that  the  measured  water  vapor  absorption 
was  several  times  higher  than  that  predicted  by  present  thaory. 

Signal  level  fluctuations  are  interpret  &c>  as  being  du<i  to  inaes-of-refraetica 
fluctuations  » 
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